An economic evaluation was conducted alongside a randomised controlled trial between May and October 2006, wherein 12 nurse practitioners and 50 GPs working in 15 general practices (study practices) participated. Consultations by study practices were also compared with an external reference group, with 17 GPs working in five general practices without the involvement of nurse practitioners.
INTRODUCTION
Against a background of scarce healthcare budgets, skill mix changes are being introduced to ensure health services are used efficiently. Substitution of care results in at least equivalent quality of care compared to usual care. [1] [2] [3] [4] [5] At the same time, studies that evaluated a 'new type' of healthcare worker in terms of costs and consequences, have revealed only limited evidence on cost-effectiveness, while methodological limitations have been stressed regarding the validity and generalisability of these studies. 5, 6 One of these new roles is the nurse practitioner. Recent interest in substituting nurse practitioners for GPs may be driven by a goal to reduce costs while achieving similar outcomes. [7] [8] [9] Given the limited number of similar studies and the concerns about their generalisability, there is also a need to perform research in Dutch general practices. It was recently demonstrated, in a randomised controlled trial (RCT,) that nurse practitioner consultations for patients with common conditions result in the same high patient satisfaction and high-quality care as GP consultations. 10 In the current paper, the authors report on healthcare utilisation and healthcare costs when patients are treated for common conditions by specially trained nurse practitioners. This study aims to estimate the costs of GP versus nurse practitioner consultations dealing with patients with common conditions from two viewpoints: general practice and societal perspectives. Provided there was equivalence in quality of care, a cost-minimisation analysis was regarded as suitable for this purpose.
METHOD

Trial design
An economic evaluation was conducted alongside an RCT between May and October 2006, wherein a convenience sample of 12 nurse practitioners and 50 GPs working in 15 general practices participated and are referred to as 'study practices'. Patients of study practices were also compared with those in an external reference group, who received treatment from one of 17 GPs working in five general practices without the involvement of a nurse practitioner.
Comparisons were made between study practices and external reference practices, and between nurse practitioner consultations and GP consultations at study practices. The general practices range in size from solo practices (one GP) to health centres (five GPs). General practices in the external reference group range from duo practices (two GPs) to group practices (four GPs). Details about the design are described in Appendix 1. 10 A description of the nurse practitioner role is further described in Box 1.
Participant recruitment
A specified set of common conditions for which patients seek medical attention, with related
How this fits in
Studies evaluating substitution of care have revealed only limited evidence on cost-effectiveness. This study indicates that from practice and societal perspectives, nurse practitioner consultations cost significantly less than GP consultations at study practices. Direct costs of consultations at study practices were significantly less than those of consultations in external reference practices, while no significant differences in costs from a societal perspective were found between these two types of practices. When involving nurse practitioners in the care of patients with common conditions, substantial economic savings could be used for redesigning primary care.
Original Papers
e29
Original Papers
General definition of a nurse practitioner 'A registered nurse with additional education and training, who works within an expanded scope of practice that includes diagnosing, prescribing, and treating medical conditions within specific settings.' 28 
Nurse practitioners in the Dutch project
Target population: patients with common conditions A specified set of common conditions was compiled for which patients seek medical attention. These common conditions will often lead to minor health problems. Patients had respiratory and throat symptoms, ear and nose symptoms, musculoskeletal symptoms and injuries, skin injuries, urinary symptoms, gynaecological symptoms, or problems related to older age.
Tasks performed
Based on triage by the practice assistant, patients with common conditions are referred to the nurse practitioner. The nurse practitioner works independently during consultations and home visits. The activities undertaken, according to practice guidelines derived by the Dutch College of General Practitioners, 12 are symptom assessment, physical examinations where appropriate, diagnosing and making decisions for further treatment, prescriptions, referrals to primary or secondary services, and clinical investigations. The nurse practitioner has no full authority to prescribe medications; the GP is always available for consultation and to assign prescriptions. The nurse practitioner has access to the electronic medical records and reported consultations.
Training
Before starting a nurse practitioner training programme, the nurse practitioners has an average of 12 years' work experience (standard deviation = 7.6 years). A specific 2-year practice-oriented training programme has been developed, which consists of the Higher Professional Education Master's Degree Advanced Nursing Practice, and also includes a medical course on managing common conditions. During the training programme, the nurse practitioner is supervised by a GP.
Box 1. Nurse practitioner job description.
International Classification of Primary Care (ICPC) diagnoses, was compiled. [11] [12] [13] Patients aged >16 years, who attended in general practice for an appointment and were visiting for an initial consultation related to common conditions were included. Patients were randomly allocated to a nurse practitioner consultation or GP consultation. In the external reference group, data were retrospectively gathered from patients with common conditions.
Data collection
Demographic characteristics and data of diagnoses (ICPC codes), prescriptions, referrals, and investigations were extracted from the health information systems of the general practices. ICPC codes were classified as low complex (code <70) or high complex (code ≥70). Special attention was paid to ensuring the reliability of documentation by professionals. In each practice, information was given about the relevance of systematically keeping records and registering data. Software was developed to extract data from the computer systems. Extracted data were used during meetings with GPs at each general practice to provide feedback, and for testing the reliability of their documentation.
For pragmatic reasons, data for follow-up consultations, length of consultations, and number of days of absence were only gathered in study practices. It was assumed that these data were the same for the external reference group.
Valuation of resource use
All costs related to the consultations were split into costs that occurred within the healthcare sector and those that occurred outside. Direct costs within the healthcare sector included costs of prescriptions, diagnostic procedures, and referrals that were ordered in the 2 weeks after the initial consultations, follow-up consultations, length of consultations, 10 and salary costs.
The cost of one initial consultation for each referral was calculated. Costs of follow-up consultations were based on percentages of patients who consulted a nurse practitioner or a GP, and had a follow-up consultation in the following 2 weeks (Table 1) . 10 The costs of clinical time were valued as salary plus superannuation and national insurance expenses.
14 Costs of GP time were calculated at €47.72 per hour, and costs of nurse practitioner time at €25.43 per hour. The direct healthcare costs were calculated using current prices, if available, or tariffs.
15
Costs outside the healthcare sector were productivity losses, measured in terms of sick leave days and calculated using the age-dependent friction cost method. 14 To derive unit costs for the year 2006, the price index of Statistics Netherlands was used.
16 Table 1 shows the key unit standardised costs per type of resource and by its reference.
Analyses
Mean costs were calculated for each group, treating each cost separately and then adding up the total costs. Date were analysed using SPSS (version 15.0).
The cost-minimisation form of economic analysis was adopted, 17 as the RCT showed no significant differences in outcome. 10 Analyses were performed according to the intention-to-treat principle. As cost data were highly skewed, estimates for costs were compared with estimates based on nonparametric clustered bootstrap (1000 replications) to check the robustness of the analysis. 18, 19 analysis were used to determine whether there were significant effects in scores between the intervention group and control group on the different scores after controlling for potential confounding variables.
Sensitivity and subgroup analysis
A sensitivity analysis was performed to test several assumptions in the cost analysis. The impact of salary was assessed by using two scenarios. The first scenario was the salary of 'GP in employment', working 38 hours weekly, and the second was based on the salary of a GP who is employed by GPs in partnership, working 40 hours weekly.
A subgroup analysis for patients <65 years of age was performed, since productivity costs were calculated for this group.
RESULTS
Considering the background characteristics, patients attending study practices and randomised to a GP were significantly older (mean age = 46.1 years, SD = 16.6 years) than those in the intervention group (mean age = 42.8 years, SD = 16.5 years; P<0.001). No significant difference between groups in sex or complexity of diagnoses were identified.
There was no significant difference in sex between patients of the study practices and external reference practices (Table 2 ). Most patients were female (61.0% versus 60.6%). Patients in external reference practices were on average more than 2 years older (P = 0.001) than those in study practices. Patients in study practices had, on average, more complex diagnoses than patients in external reference practices.
Within study practices there was no significant difference in resource use by patients treated by a nurse practitioner or a GP. Patients in the study practices had significantly fewer prescriptions (P<0.001) and diagnostic procedures (P = 0.04) than patients in the external reference practices (Table 3) .
Results of the economic analyses are shown in Table 4 . Within study practices, a significant difference in direct costs appeared between the nurse practitioner consultations and GP consultations: a mean difference was found in direct costs of €8.21 in favour of the nurse practitioner consultations (P = 0.001). No significant difference in direct costs and productivity costs was found between nurse practitioner consultations and GP consultations at study practices.
Between study practices and reference practices, a significant difference was found in the direct costs within health care ( Table 5 ). The mean difference in direct costs was €3.45 per consultation in favour of the study practices (P = 0.04). Regarding the direct
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Original Papers costs and productivity costs, the consultations in external reference practices cost less (€141.09) than those in study practices (€145.08; P = 0.09), although this was not statistically significant. Univariate linear regression revealed that direct costs were significantly associated with patients' sex (F = 4.13; P = 0.042), age (F = 24.24; P = 0.001), and type of diagnosis (F = 63.67; P<0.001). Direct costs were not significantly associated with the variable practice (meaning, patients nested within general practices). These variables explained 16.06% of the total variance (adjusted R 2 = 0.40).
Sensitivity analysis
Adjusting the salary of the GP (according to the salary of an employed GP, or of a GP employed by other GPs in partnership) affected the results to some degree. The significant difference in direct costs remained when comparing nurse practitioner consultations and GP consultations at study practices. Also, no significant difference was found regarding direct costs and productivity costs between consultations at study practices ( Table 4 ). The impact of salary was found in the analyses between study practices and external reference practices; for direct costs and for direct costs and productivity costs, a significant difference between practices was not apparent (Table 5) .
With patients in the reference groups being significantly older, a sensitivity analysis was performed for patients <65 years of age: within study practices the mean direct costs and productivity costs for nurse practitioner consultations were €161.57 (SD = 33.98) and for GP consultations €170.75 (SD = 46.58; P<0.001; Table 4 ). Furthermore, the mean costs for consultations in study practices were €165.69 (SD = 40.37) and €168.25 for consultations in the external reference practices (SD = 40.48; P = 0.13; Table 5 ).
DISCUSSION
Summary of main findings
This study evaluated the costs of care provided by Dutch GPs or specially trained nurse practitioners as the first point of contact for patients with common conditions. From a general practice perspective, direct costs of nurse practitioner consultations were significantly less than those of GP consultations. The same results were found when comparing study practices with external references practices, showing direct costs of consultations in favour of study practices. Given that there were differences in the age of people both within the study practices as well as between study practices and external reference practices, the study looked at the impact of age on the direct costs plus productivity costs. This revealed that among those aged <65 years, direct costs plus productivity costs were significantly lower for nurse practitioner consultations than for GP consultations at study practices. Between study practices and external reference practices, no differences were found for direct costs plus productivity costs of consultations among those aged <65 years. Cost differences are mainly caused by the difference in salary between nurse practitioners and GPs. As the external reference practices also implemented triage, the difference in costs related to the allocation of patients between study practices and external reference practices is assumed to be marginal.
Strengths and limitations of the study
For pragmatic reasons, it was not possible to gather data for follow-up consultations, length of consultations, or number of days of absence in the external reference practices. As it was not possible to collect data on the follow-up after a referral, for each referral one initial consultation was calculated in order not to leave this type of event out of the ATM Dierick-van Daele, LMG Steuten, JFM Metsemakers, et al calculation. Consultations were considered during the 2 weeks after the initial consultation. This study was not powered to determine the impact on adverse events (and related costs) or explore additional consultations. The authors are aware of the preference for costeffectiveness analyses and cost-effectiveness planes as a valuable tool in the interpretation of both costs and effects. 17, 20 The use of cost-minimisation analysis is, in most cases, regarded as inappropriate in studies designed to compare the cost-effectiveness of two interventions. 20, 21 However, in comparing nurse practitioner or GP consultations, no significant differences in outcome or process measures were found. 10 Consequently, it was considered that the sum of these measures represents equivalence between the intervention group and reference group within the study practices. As a result, no cost-effectiveness analysis was conducted. If it had been, it is very unlikely this would have altered the study findings on costs, given the equivalence in effectiveness.
Comparison with existing literature
Earlier reviews, mainly based on British studies, 5, 6 found no significant differences in costs between nurse practitioner consultations and GP consultations. Hollinghurst et al included training costs and advice time in their analyses. 22 Other factors that could explain differences between studies are the types of diagnoses being addressed (for example, chronic disease versus common conditions), specific competencies or consulting styles (for example, no prescriptive authority), and work experience, as well as differences in training programmes followed by providers. The training of nurses and GPs is funded through a variety of mechanisms, which may not accurately reflect the true costs, 22 and makes an international comparison unclear.
Implications for future research and clinical practice
Most decisions taken by health policy makers will not be about whether services should be delegated or substituted, but about the degree to which existing services should change. 23 This study found a cost difference of €2.01 per consultation, based on a mix of GP consultations and nurse practitioner consultations and the salary of a GP who is employed by GPs in partnership. To illustrate the impact of such a difference at a national level, a scenario was calculated wherein all consultations of common conditions would be performed by nurse practitioners instead of GPs.
Taking account of one full-time equivalent nurse practitioner employed per four GPs, 8400 employed GPs, 24 and 20 nurse practitioner consultations per day, 25 a cost reduction of €19 million per year could be realised. This amount should not be considered as a pure economic saving. When involving the nurse practitioner in the care of patients with common conditions, this substantial amount should be used partly for redesigning primary care. 9 As a result, GPs should have longer consultations for an increasing number of patients with complex diagnoses or multi morbidity, more time for coordination between professionals, and more time for their supervisory role to other professionals.
When common conditions are extracted from the repertoire of GP consultations, the GP role of coordinator and supervisor will be very important for management of less complex care. Such redesign requires the healthcare system to take a long-term perspective, which may be difficult to achieve in practice. 8 It is important to continue the debate between policymakers and researchers about the meaning of results from economic evaluations, 26, 27 to optimise the best skill mix (that is, effective and efficient), and to cover the full range of primary care activities.
As the regression analysis resulted in a model explaining only a marginal amount of the variance in results, more research is needed. Qualitative research should be performed to explore factors that influence costs, followed by quantitative research to retest the model. Finally, it is recommended that more research is carried out to study the costeffectiveness of innovations in health care over a long-term period, beyond the time horizon of a trial.
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